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1 INTRODUCTION

In the ongoing quest for satellite-derived climatolo-
gies of precipitation — whether in the context of the
Tropical Rainfall Measuring Mission (TRMM), the
Global Precipitation Climatology Project (GPCP,
or some other initiative — it has been tacitly as-
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2 POTENTIAL ERROR SOURCES IN
GLOBAL RAINFALL ESTIMATES

All satellite rain rate retrieval techniques — whether
microwave or infrared — are sensitive to deviations
in certain properties of the rainfall from those en-
countered or assumed during the algorithm’s cal-

sumed that, with sufficient effort and care, algo- ibration.  Infrared algorithms generally assume

rithms can in principle be developed that give ap-
proximately the right answer (say, to within 10%
over 5° boxes) everywhere over the global oceans, or
at least over large, well-defined climate zones. This
in turn requires either (1) that the satellite signature
of precipitation be essentially the same everywhere
within the target region (e.g., the tropics) or else (2)
that algorithms can be made intelligent enough to
recognize (or at least know about) and account for
regional variations in precipitation signatures.

While progress in the latter endeavor may yet be
forthcoming, it will be difficult for at least the imme-
diate future for even the most elaborate, physically
grounded algorithms to overcome the constraints
imposed by less-than-ideal sampling, spatial resolu-
tion, and spectral diversity. In the meantime, much
current rain rate retrieval work continues to focus on

the calibration of empirical algorithms over the very

limited regions for which surface validation data is
available, followed by their utilization for the pro-

duction of a variety of global rainfall climatologies

intended for use by the broader scientific commu-

nity.

The purpose of this paper is to present data sug-
gestive of the potential hazards of extrapolating
satellite algorithm performance from the limited cal-
ibrated regions to the vast uncalibrated regions of
the global oceans.
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a reasonably constant relationship between cloud
top temperature and surface rain rate; it is well
known that this relationship often fails for strati-
form and/or shallow warm-cloud or orographic rain.
Microwave algorithms of the “emission” variety are
subject to the so-called footprint-filling bias, which
depends on the degree of spatial inhomogeneity of
the rainfall. Often, a single global footprint-filling
bias correction is assumed, based perhaps on em-
pirical studies of rainfall statistics in a specific data
set, such as that from GATE. Scattering-based al-
gorithms, on the other hand, must assume a con-
stant relationship between the observed scattering
of radiation by ice particles aloft and surface rain-
fall, notwithstanding the fact that this relationship
may be strongly sensitive to the microphysical char-
acteristics of the rain cloud in question.

3 VARIATIONS IN OCEANIC PRECIPI-
TATION BASED ON SSM/I DATA

We have processed one year’s worth of global oceanic

SSM/1 data in an effort to uncover systematic re-

gional variations in the apparent physical character
of precipitation. We base our analysis on the nor-
malized 37 GHz polarization P37 and an 85.5 GHz
scattering index Sgs — see Petty and Stettner (1994;

this volume) and references therein. Here it is suf-
ficlent to note that P37 < 0.5 is considered, based
on both theoretical and empirical evidence, to be an

unambiguous indication of liquid precipitation filling
a significant portion of the 37 GHz field of view. By

contrast, the scattering index Sgs is largely insensi-
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Fig. 1: Rainfall frequencies and characteristics inferred from SSM/I brightness temperatures for SON
1987. Top: Raw precipitation frequency index, based on Ps7 < 0.5. Middle: Fraction of precipitating pixels
exhibiting strong 85 GHz scattering (Sgs > 40 K) and thus likely to be associated with deep convection.
Bottom: Fraction of precipitating pixels exhibiting no 85 GHz scattering (Sgs < 0 K) and thus likely to be
associated with warm cloud rainfall.
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a) T-STORM VCNTY / NON-DRIZZLE PRECIP VCNTY (7.5 deg.) for DJF (1858-1881)
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Fig. 2: COADS present weather reports indicating thunderstorm activity, as fraction of all non-drizzle
intensity precipitation reports.

a) SNOW FRACT. / ALL PRECIP (7.5 deg.) for DJIF (1958-1991)
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Fig. 3: COADS present weather reports indicating snowfall, as fraction of all precipitation reports.

a) (LOCAL PRECIP / PRECIP VCNTY) (EXCL. DRIZZLE) for DJF (1958-1891)
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Fig. 4: COADS present weather reports indicating precipitation at the ship and at the time of the
observation, as fraction of all precipitation reports, including precipitation observed near but not at the
station and precipitation at the station during the previous hour but not at the time of observation.
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tive to the liquid water component of the rain cloud
and responds primarily to precipitation size ice par-
ticles aloft, such as graupel and snow. Thus, values
of Sgs > 40 K are taken to be strongly suggestive of
pronounced cold-cloud convective process capable of
supporting the production of large ice particles.

Counts of SSM/T pixels with normalized 37 GHz
polarization P37 < 0.5 were tallied over 2.5° grid
boxes for three month periods. This count, ex-
pressed as a fraction of the total sample and
smoothed with a 15° window, is depicted in Fig.
1 (top) for SON 1987. Second, for those pixels sat-
isfying the above criterion, the associated values of
Sss were analyzed. Figure 1 (middle) depicts the
fraction of raining pixels for which Sgs > 40 K, indi-
cating the apparent frequency with which the liquid
precipitation observed by way of Ps7 is associated
with strong convection.

Similarly, raining pixels were tallied for which
Sss < 0 K. Since this value implies an effective emit-
ting temperature greater than 273 K, Fig. 1 (bot-
tom) may be interpreted as a map of the frequency
of apparent warm cloud precipitation, expressed as
a fraction of the total precipitation frequency.

While space does not permit a detailed discussion,
it 1s apparent that the relative predominance of cold
cloud convection and of apparent warm cloud rain-
fall varies sharply from region to region, even within
the tropics. Interestingly, the two maps are not mir-
ror images of one another. To the extent that satel-
lite algorithms assume a certain component of con-

vective cloudiness or are insensitive to warm-cloud

precipitation, it would appear that the potential for
regional biases is very high.

4 VARIATIONS IN OCEANIC PRECIPI-
TATION BASED ON COADS DATA

A different perspective on the variability of oceanic
rainfall is obtained through the analysis of a 34 year
record (1958-1991) of shipboard present weather re-
ports from the Comprehensive Ocean-Atmosphere
Data Set (COADS). Here, the occurrence of vari-
ous classes of precipitation was tallied over 2.5° grid
boxes and the frequencies of these classes compared
with one another.

Figure 2 shows the fraction of precipitation re-
ports (excluding drizzle intensity) clearly identified
with some form of thunderstorm activity during the
3 months of December-January-February. There
is up to a factor of 4 variability in the relative
predominance of thunderstorm activity, even along
the ITCZ. Interestingly, the most active regions for
thunderstorms {conditioned on the occurrence of
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precipitation) are confined to the vicinity of the
land masses. Moreover, virtually all of the impor-
tant ground truth sites for satellite oceanic rainfall
estimation are located within these very active re-
gions. To the extent that the satellite-observed sig-
nature of precipitation is influenced by microphys-
ical processes connected to thunderstorm develop-
ment, these results again suggest a potential for re-
gional biases.

For microwave emission algorithms, it is gener-
ally assumed that significant quantities of rain wa-
ter must be present in order for the precipitation to
be detected, owing to the relative transparency of
ice. Fig. 3 delineates the climatological frequency
of snow, conditioned on the occurrence of precipita-
tion. _

By comparing the frequency of all precipitation
reports — including those of precipitation within
the previous hour and/or visible at a distance from
the station — with that of precipitation occurring
at the station at the time of the observation, it is
possible to obtain a qualitative map of the relative
homogeneity of precipitation in both space and time
(Fig. 4). The ratio of instantaneous local precipi-
tation to all precipitation is quite high in the high
latitudes, implying a predominance of steady strat-
iform precipitation. In the tropics and subtropics,
by contrast, rainfall is evidently quite showery, as
indicated by ratios falling below 30%. Although not
shown here, the COADS data reveal that precipita-
tion is not at all uncommon in the subtropical high
zones west of South America and Africa, despite the
common failure of satellite microwave algorithms to
detect it at all over month-long sample periods. The
data in Fig. 4 suggest that precipitation in these re-
gions is very transient and showery and therefore
impossible to detect with even the 15 km resolution
of the SSM/T’s 85 GHz channels.
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